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Initial condition for quark-gluon plasma evolution
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We recently proposed an approach to high-energy nuclear scattering, which treats the initial stage of heavy-
ion collisions in a sophisticated way. We are able to calculate macroscopic quantities like energy density and
velocity flow at the end of this initial stage, after the two nuclei having penetrated each other. In other words,
we provide the initial conditions for a macroscopic treatment of the second stage of the collision. We address
in particular the question of how to incorporate the soft component properly. We find almost perfect “Bjorken
scaling”: the rapidity coincides with the space-time rapidity, whereas the transverse flow is practically zero.
The distribution of the energy density in the transverse plane shows typically a very “bumpy” structure.
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[. INTRODUCTION features, but to provide a model which is theoretically con-
sistent and therefore much more realistic than all the ap-
Unfortunately there does not exist a single formalism ablgoroaches used before. We are therefore usigJs in order
to account for a complete nucleus-nucleus collision. Rathefo determine macroscopic quantities after the first stage,
we have to—at least for the moment—divide the reactionvhen the two nuclei have traversed each other, such that
into different stage¢see Fig. 1 and try to understand them these quantities may be used as initial conditions for a mac-
as well as possible. There is, first of all, the primary interacy0scopic treatment of the later stages of the collision.
tion when the two nuclei pass through each other. Since at Calculating, for example, energy densities from a model
very high energies the longitudinal size is, due to the gammé&ke NEXUS or any other model for primary interactions is not
factor, almost zerdof the order 0.1 fm at RHIT all the trivial. We know the momenta of all the partons, and we may
nucleons of the projectile interact with all the nucleons of thecalculate the energy density of the partonic system on a
target instantaneously. In such a primary interaction mangiven hypersurfacéconstantr), as shown in Fig. 2. Here
partons are created, which intera@ the preequilibrium only the “resolvable”(or hard partons are considerédots
stage before reaching an equilibrium, referred to as theon the hyperbola representing a hypersurfa@ut this is
quark-g|uon p|asma_ The System then expands’ passing ViaC&ftainly not the correct answer for the quantity of interest,
phase transitiorfor sudden crossoveinto the hadron gas Since there are many “unresolveddr sofy partons around,
stage. The density decreases further until the collision rate i@hich contribute to the energy density in a significant fash-
no longer large enough to maintain chemical equilibrium, buion. The problem can be solved by using the string model,
there are still hadronic interactions, until finally the particleswhich is nothing but an attempt to treat the “soft partons”
“freeze out”; i.e., they continue their way without further implicitly. The soft partons represent the string between
interactions. “kinks,” the latter ones representing the hard partons; see
The equilibrium stage is often treated macroscopically byFig. 3. Thus we are able to calculate energy densities in
So|\/ing hydrodynamica] equations_ Here, usua”y very sim.ﬂUCleUS'nUdeUS collisions, taklng properly into account soft
plified initial conditions are used, like flat distributions in and hard(resolvable and unresolvableontributions.
space-time rapidity. This could be done much better by cal- The outline of this paper is as follows: we first review
culating the initial conditions for the hydrodynamical evolu-
tion on the basis of a realistic model for the primary interac- &eez e ot
. e oL
tions. Ouy e
We recently presented a completely new apprddcts]
for hadronic interactions and the initial stage of nuclear col-
lisions, referred to asiEXus, where we provide a rigorous
treatment of the multiple scattering aspect. Questions of en-
ergy conservation are clearly determined by the rules of field t
theory, for both cross section and particle production calcu-
lations, which is not the case in all of the corresponding
models used so far to calculate the initial stage. In addition,
we introducedcurrently only to leading ordgiso-called en-
hanced diagrams, responsible for screening and diffraction. It
was not the idea to create another model with some more FIG. 1. The different stages of heavy-ion collisions.

non—eq. hadr.
i.a.

primary interaction

z
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FIG. 4. The soft elastic scattering amplituflg,; (left), the hard
elastic scattering amplitud&,,,,4 (middle), and one of the three
FIG. 2. The naive method: only the resolvable partons are coneontributions to the semihard elastic scattering amplitddg,;
sidered to determine the energy density on a hypersufthats on  (right).

hyperbola.

resolvable partons

Z

is able to solve several of the above-mentioned problems. We

briefly the basic elements of theexus model before we Provide a rigorous treatment of the multiple-scattering as-
discuss in somewhat more detail the role of strings in thif?€ct, such that questions of energy conservation are clearly
approach and the dynamics of strings. We then proceed tdetermined by the rules of field theory, both for cross section

calculate energy densities for a given proper time, taking int@nd particle production calculations. In both cases, energy is
account the hard and soft partons. properly shared between the different interactions happening

in parallel. This is the most important aspect of our approach,
which we consider a first necessary step to construct a con-
sistent model for high-energy nuclear scattering.

The most sophisticated approach to high-energy hadronic We first considepp scattering. An elementary interaction
interactions is the so-called Gribov-Regge thefefly This is  is given as a sum of soft, semihard, and hard contributions:
an effective field theory, which allows multiple interactions T2—.2= Tsot Tsemit Thara» @S discussed in detail in R¢B].
to happen “in parallel,” with phenomenological objects We have a hard contributiofy,,q, When the the first partons
called “Pomerons” representing elementary interactiffls ~ on both sides are valence quarks; a semihard contribution
Using the general rules of field theory, one may express crosbsem» When at least on one side there is a sea qUaging
sections in terms of a couple of parameters characterizing themitted from a soft Pomergnand finally we have a soft
Pomeron. Interference terms are crucial, as they assure tig@ntribution, when there is no hard scattering ai(sdie Fig.
unitarity of the theory. 4). Tparqis calculated using the standard techniques of per-

A big disadvantage is the fact that cross sections and paturbative QCD, T is parametrized, andiqer is calculated
ticle production are not calculated consistently: the fact thagis a convolution off ¢, and Ty 5. We have a smooth tran-
energy needs to be shared between many Pomerons in cegition from soft to hard physics: at low energies the soft
of multiple scattering is well taken into account when con-contribution dominates, at high energies the hard and semi-
sidering particle productiorfin particular in Monte Carlo hard ones, and at intermediate energtbat is where experi-
application$, but not for cross sectior{$]. ments are performed presentlgll contributions are impor-

Another problem is the fact that at high energies, one als¢ant.
needs a consistent approach to include both soft and hard Let us consider nucleus-nucleué\B) scattering. The
processes. The latter ones are usually treated in the frameucleus-nucleus scattering amplitude is defined by the sum
work of the parton model, which only allows the calculation of contributions of diagrams, corresponding to multiple el-
of inclusive cross sections. ementary scattering processes between parton constituents of

We recently presented an approgddh-3] for hadronic  projectile and target nucleons. These elementary scatterings
interactions and the initial stage of nuclear collisions, whichare the sum of soft, semihard, and hard contributidns;,

=Teoitt Tsem™ Tharg- A COrresponding relation holds for the
remnant remnant inelastic amplitudeT,_ x. We introduce “cut elementary
© o diagrams” as being the sum over squared inelastic ampli-
tudes, Zx(To_x)(T,_x)*, which are graphically repre-
sented by vertical dashed lines, whereas the elastic ampli-
tudes are represented by solid lines:

Il. NExus MODEL

resolvable partons

/ string \ \Q/

=T5_2, =; (Tox)(Trox)™.

This is very handy for treating the nuclear scattering model.
FIG. 3. Between resolvable partofithick lines there are in We define the model via the elastic scattering amplitude

addition unresolvable partonghin lines, which are not treated Tag_ag Which is assumed to consist of purely parallel el-

explicitly. Their contribution is considered implicitly via strings. ~ ementary interactions between partonic constituents, de-
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— — FIG. 6. Symbol representing a cut Pomeron.

FIG. 5. Example of a cut multiple-scattering diagram, on Veneziano's topological expansion one may consider a
with cut (dashed lingsand uncut(solid lines elementary diagrams soft Pomeron as a “cylinder,” i.e., the sum of all possible
(Pomeronk QCD diagrams having a cylindrical topology; see Fig. 7. As

discussed in detail if3], the “nucleon components” men-
scribed byT,_,,. The amplitude is therefore a sum of many tioned earlier, representing the external legs of the diagram,
terms. Having defined elastic scattering, inelastic scatteringre always quark-antiquark pairs, indicated by a dashed line
and particle production are practically given, if one employs(antiquark and a solid line(quark in Fig. 7. Important for
a quantum-mechanically self-consistent picture. Let us novthe discussion of particle production are of course cut dia-
consider inelastic scattering: one has of course the same pagrams; therefore, we show in Fig a cut cylinder represent-
allel structure; just some of the elementary interactions mayng a cut Pomeron: the cut plane is shown as two vertical
be inelastic, some elastic. The inelastic amplitude being aotted lines. Let us consider the half-cylinder—for example,
sum over many terms¥ag .x=3T{L —has to be the one to the left of the cut—representing an inelastic am-
squared and summed over final states in order to get thelitude.
inelastic cross section, which provides interference terms We may unfold this object in order to have a planar rep-
Sx(T8 )(TUL  )*. These can be conveniently expressedresentation, as shown in Fig. 8. Here, the dotted vertical lines
in terms of the cut and uncut elementary diagrams, as showifidicate the cuts of the previous figure, and it is there where
in Fig. 5. One has to be careful about energy conservatiorfhe hadronic final-state hadrons appear. Lacking a theoretical
all the partonic constituentdines) leaving a nucleorblob) ~ understanding of this hadronic structure, we simply apply a
have to share the momentum of the nucleon. So in the exphenomenological procedure, essentially a parametrization.
plicit formula one has an integration over momentum frac-We require the method to be as simple as possible, with a
tions of the partons, taking care of momentum conservationhinimum of necessary parameters. A solution coming close
This formula is the master formula of the approach, allowingto these demands is the so-called string model: each cut line
calculations of cross sections as well as particle productioris identified with a classical relativistic string. A Lorentz-
In the latter case, the master formula provides probabilitynvariant string breaking procedure provides the transforma-
distributions for the momenta taken by the Pomerons and théon into a hadronic final state; see Fig. 9.
remnants. A very detailed description with many applications The phenomenological microscopic picture which stays
and comparisons with data can be found3h behind this procedure was discussed in a number of reviews

So far we described only the basic version of the modell7—9]: the string end-point partons resulting from the inter-
In reality we also consider triple-Pomeron vertices to lowest
order, as discussed in detail in RE]. We do not yet con- —m
sider higher orders; nor do we consider the case where the :
two legs of the triple Pomeron are connected to different :
nuclei. All this is work in progress. ~ : -

———=

IIl. HADRONIC STRUCTURE OF CUT POMERONS

In order to develop our multiple-scattering theory, we use
a simple graphical representation of a cut Pomeron: namely,
a thick vertical dashed line connecting the external legs rep-
resenting nucleon components, as shown in Fig. 6. This :
simple diagram hides somewhat the fact that there is a com- :
plicated structure hidden in this Pomeron, and the purpose of v
this section is to discuss in particular the internal structure of

the Pomeron. FIG. 7. Cut soft Pomeron represented as a cut cylinder. The gray
Let us start our discussion with the soft Pomeron. Basedreas represent unresolved partons.
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I FIG. 10. A simple diagram contributing to the semihard

Pomeron of the “sea-sea” type.

FIG. 8. Planar representation of a half-cylinder obtained from
cutting a cylinder diagranisee Fig. 7. by three color-connected partons: the gluon connected by the
color field to the quark and to the antiquark. The string

action appear to be connected by a color field. With the parfmodel provides then a “parametrization” of hadron produc-
tons flying apart, this color field is stretched into a tube,!ion; see Fig. 12. The procedure described above can be eas-
which finally breaks up, giving rise to the production of had- ily generalized to the case of complicated parton ladders in-
rons and to the neutralization of the color field. volving many gluons and quark-antiquark pairs. One should
We now consider a semihard Pomeron of the “sea-seafoté that the treatment of semihard Pomerons is just a
type, where we have a hard parametrization QERCD) straightforward gene_rallzanorj of the string model for soft
process in the middle and a soft evolution at the end; see Fig,0merons, or one might see it the other way around: the soft
10. We generalize the picture introduced above for the soféting model is a natural limiting case of the kinky string
Pomeron. Again, we assume a cylindrical structure. For th@rocedure for semihard Pomerons. In a similar way one may
example of Fig. 10, we have the picture shown in Fig. 11: thdr€at Pomerons of valence type.
shaded areas on the cylinder ends represent the soft Pomer- 1he general picture should be clear from the above ex-
ons, whereas in the middle part we draw explicitly the gluon@MPI€S: in any case, no matter what type of Pomeron, unre-
lines on the cylinder surface. We apply the same procedurg0lved soft partons play a very important role. In the string
as for the soft Pomeron: we cut the diagram and present B0del, they represent the string pieces between the hard par-
half-cylinder in a planar fashion; see Fig. 11. We observe onéPns. In case of single-Pomeron exchange in proton-proton
difference compared to the soft case: there are three partof§attering, particle production can be treated in a phenom-
(dotg on each cut line: apart from the quark and antiquark aghological fashion via the hadronization of twia general
the end, we have a gluon in the middle. We again apply thglnky)_strmgs. In nuclear collisions, the situation is more
string picture, but here we identify a cut line with a so-calledcOmplicated, since we have many Pomerons and conse-
kinky string, where the internal gluons correspond to internafuéntly many strings—closely packed—which interact with

kinks. The underlying microscopic picture will be presented®@ch other. Nevertheless, we can use the string picture to
calculate energy densities by considering the strings at an

earlier stage before they hadronize.

FIG. 11. Cylindrical representation of a contribution to the semi-
FIG. 9. The string model: each cut lindotted vertical lines  hard Pomerorileft figure) and planar diagram representing the cor-
represents a string, which decays into final-state hadi@indes. responding half-cylindefright figure.
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the string equation, expressed in terms of the initial condition
g. In the case of kinky strings the latter is expressed in terms
of the kink velocities{v,} and the energy partitiofE,}.

What has all this to do with cut Pomerons? So far nothing,
and to establish a link, we have to provide some mapping
from the language of Pomerons and partons into the lan-
guage of strings. We discussed earlier that a cut Pomeron
may be identified with two sequences of partons of the type

q-g—g—---—g—a, (5)

representing all the partons on a cut line. We identify such a
sequence with a kinky string by requiring

FIG. 12. The “kinky” string model: the cut lingvertical dotted parton= kink, (6)
line) corresponds to a kinky string, which decays into hadrons
(circles. which means we identify the partons of the above sequence

with the kinks of a kinky string, such that the partition of the
It should be noted finally that particle production from cut energy is given by the parton energies,
Pomerons is not the whole story. Cutting the complete dia-
gram, one has as well to cut the projectile and target rem- Ex—Ek-1=energy of partonk, (7)

nants, which may or not be excited. High-mass excitationsand the kink velocities are iust the parton velocities
are as well considered as strings. J P ’

momentum of partork
IV. DYNAMICS OF STRINGS U= E.—E
k k—1

®

The string dynamics is derived from the Nambu-Goto La-

grangian, which has been constructed based on invariancieé consider massless partons, so that the energy is equal to

arguments. The corresponding equation of motion for thdn€ absolute value of the parton momentum. An example is
string is a wave equation, with a solutiph0-12,3 shown in Fig. 13. We have six partons—a quark and an anti

quark, with four gluons in between—symbolically displayed
1[ [r+t in the first subfigure, with a total center-of-mass system
X(r,H)=Xo+ 5 Jitg(f)df : (1 (c.m.s) energy of 14 GeV. One sees that the perturbative

gluons play an important role in the beginning of the move-

for the four-vectorX(r,t), having already assumed that the Ment, and later from 2 GeV on, the longitudinal character
initial spatial extension of the string is zero. The quankty dominates. A string breaks typically after 1Gay/with «
represents the formation point of the string, which coincide®ind the string tension, which gives much importance to the
with the position of the nucleon-nucleon interaction being afPerturbative gluons.

the origin of the string formation. The spacelike variable

represents the position along the string for given time V. ENERGY DENSITIES FROM STRINGS

whereas the functiog defines the initial velocity,

Based on the string formalism, we are now able to calcu-
late energy densities. As discussed above, a sting a

9(r)=X(r.Hli-o. @ two-dimensional surfac¥(r,t) in Minkowski space, whose
We will consider here a special class of strings: namely/Ntersection with the surface,
those with a piecewise constant functign 2 2= 2 9)
g(r)=v, for Ei1 grsE, 1<k=n, (3)  defines uniquely a curv8,, which we refer to as “string at
K given proper timer.” Our aim is to calculate the energy

density and the velocity flow at a given proper time-in
other words, along the cuns, .

Let us consider a small string pied&,—in other words,
a segment of the string cun®@®, between two neighboring

0=E,<E,<---<E, ,<E,=E, (4) points A and B, being sufficiently close so that the string
piece may be considered as pointlike. According to relativis-

and{v,} represents constant four-vectors. Such strings aretic string theory, the four-momentum of this string piece in
called kinky strings, withn being the number of kinks and the laboratory system is given as
the n vectorsv, being called kink velocities. The functian B( aX(r t IX(r t
must be symmetric and periodic, with the perid8/2. This APIabZJ [ (r, )dr+ (r, )dt . (10
definesg everywhere, and Ed1) is the complete solution of at ar

for some integem. We use for the string tensior=1
GeV/fm. The se{E,} is a partition of the interval 0,E],
with E being the string energy,
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The partial derivatives can be expressed in terms of the ini- . dp ..
tial velocity g as T (q)= f £ PUpU(a.p), (16)
ax(r,t) 1 - - . .
=_[g(r+t)+g(r—t)], (11  whereq is a position vector, antlis the phase space density
at 2 (particles per phase space volunier a given time. For our
pointlike string piece we have, in principle,
Y et +v-g(r—1)] 12
=—[g(r —g(r—1)]. - - S = 2
o219 J 1(d,p)=8(p—AP) (G- Q). (17
This velocity function is known, in fact it is defined via the Knowing that a string with zero width is a mathematical
mapping of a system ai partons into string language: idealization, we introduce a Gaussian-type smearing function
W(q), normalized agW(q)4mg?dg=1. So we define
Ev-1 Ex
ry= for srs=—, 1s<ksn 1 > > > = - 2
g(r)=vy for = P - 19 1(G.p) = 8(p— AP)W(— Q). (18

wherev, is the four-velocity of thekth parton divided byy, ~ With the norm in hyperbolic coordinates being given as
and the differenceE,—E, , is its energy. So the four-

momentum of a string segment can be easily expressed in lall = V(a2 + (a2)%+ (a3)*. (19
terms of the original parton momenta. o
We use hyperbolic coordinates The energy-momentum tensor for the complete string is then
just the sum over all string pieces, which gives
— 1+2z/t
= ()= PP WE-Gl. (@0
(14) a _String segments APO d '

wherez is considered to be the coordinate along the beanye define a local comoving frame via the four-velocity
axis, andt is the time. The variableg andy are the trans-

verse coordinates. For givenand 7, we define a framé ,, ) n”(ﬁ)
via a Lorentz boost with boost rapidityy. The four- ut(q)= —, (22)
momentum of the above-mentioned string piece is given as \/nﬂ(ﬁ)nﬂ(d)
AP*=ANAPL,, (15  with
with the corresponding transformation tengor n“(q)=TO%(q). (22)

We are now going to calculate the energy-momentum ten-
sor T#” for a string piece in the fram&,. The general This allows then the calculation of the energy density in the
definition in kinetic theory is comoving frame,
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FIG. 14. Energy density in the-7 plane aty=0 for a single FIG. 16. Rapidity field in thex-» plane aty=0 for a single
string of energy 50 GeV. string of energy 50 GeV.
E(d)=T”V(a)UM(a)UV(ﬁ), (23) peak around<=y=0_, as seen in Fig. 15. _The rapic_jity field
Y.(X,y,n) as a function ok and » for y=0 is shown in Fig.
and the flow velocity 16, where we observe roughly,(x,y,n)= 7. The other
components of the velocity field are zero.
v(q)=u(q)/u’(q). (24) Kinky strings show a very similar behavior. As a result of
the transverse momenta introduced via the kinks, the cylin-
VI. RESULTS drical symmetry is slightly distorted, and we observe as well

very small but finite values for the transverse components of
In the following, we show results for different high- the velocity fields. Since the results are so close to the simple
energy reactions. All the calculations are done at the propestring discussed above, we do not show the figures here.
time 7=1 fm/c, and we suppress writing this variable inthe  Next we consider proton-proton scattering at 50 GeV.
following. We use always a widtlr=0.5 fm for smearing Here we have usually several strings, the minimum number

function W(q). We define the rapidity fiel¢,(x,y,n) as being 2, plus two remnantsvhich may be strings in case of
high-mass excitation In the example considered here, we
1 1+v,Xy,7n) have altogether four strings, with respective energies of 17.2

yaxy, )= 5lIng— (25 Gev, 9.3 GeV, 7.6 GeV, and 15.8 GeV. Since the strings have

different masses and are not sitting in the c.m.s. system, the

wherev,(X,y,v,) is thez component of the velocity field.  energy density(x,y,#) as a function o and » for y=0

As a reference, we first show results for a single stringdoes not show such a flat behavior as in the case of a pure
without kinks, having an energy of 50 GeV, as may occur instring, as seen in Fig. 17, but we observe a peal=aD,
electron-positron annihilation. In Fig. 14, we plot the energywhose value is roughly 2.5 times bigger than the one for a
density e(x,y,n) as a function ofx and » for y=0. As  string. However, the energy density as a functiorxaidy
expected, the energy density is peaked aroun@®, whereas for =0 shows as well a narrow peak arouxgy=0, as
it is distributed evenly iny between limits defined by the shown in Fig. 18, and the rapidity field(x,y, ) is roughly
energy of the string. Since there is a cylindrical symmetryequal ton; see Fig. 19.
with respect to the axis, it is no surprise that the energy  Let us consider gold-gold collisions at RHIC
density as a function ok andy for =0 shows a narrow (200A GeV). In Fig. 20, we show the energy density

A%y, m)’

- o
Eo7 - El
= 0.6 S 1.
8 o5 81
w 0.4: w
0.
0.3 0
0.
0.
A
FIG. 15. Energy density in the-y plane at»p=0 for a single FIG. 17. Energy density in the-» plane aty=0 for a proton-

string of energy 50 GeV. proton collision at 50 GeV.
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FIG. 18. Energy density in the-y plane atp=0 for a proton-
proton collision at 50 GeV. gol

e(x,y,n) as a function ok and» for y=0. For a fixed value

of X, we observe a similar shape as for proton-proton scatter-
ing: a broad distribution with a smooth peak around zero. Of
course, the magnitude is much bigger. Considering, however,
the variation withx for given n, we observed large fluctua-
tions: pronounced peaks followed by deep valleys. If we re-
gard the energy density as a functionxandy for »=0, as
shown in Fig. 21, we observe correspondingly several peaks
overlying the general roughly rotationally symmetric struc-
ture, which increases towards the center. To investigate the
origin of these fluctuations, we show in Fig. 22 the distribu-
tion of the number of nucleonrojectile plus targetpro-
jected to the plang=0, in units nucleons per fm From a
spherically symmetric nuclear density, we expect a rotation-
ally symmetric distribution of this projection, increasing to-
wards the centerx=y=0). This is also what one observes,
roughly. But looking more closely, we clearly observe large
fluctuations with pronounced peaks. And even more, these
peaks correspond exactly to the peaks in the energy density
distribution, which proves that the fluctuations in energy
density are due to geometrical fluctuations in the distribution
of nucleons. We finally consider rapidity and velocity fields: 9°!
in Fig. 23 the rapidity fieldy,(x,y,») and in Fig. 24 thex
componenb,(X,y, ) of the velocity field, both as a function

of x and  for y=0. We observe roughly,= » andv, close

to zero. So the velocity field is practically purely longitudinal
and shows the so-called “Bjorken scalingy = 7).

FIG. 19. Rapidity field in thex- plane aty=0 for a proton-
proton collision at 50 GeV. gol
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FIG. 20. Energy density in the-» plane aty=0 for a central
d-gold collision at 208 GeV.
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FIG. 21. Energy density in the-y plane at=0 for a central
d-gold collision at 208 GeV.
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FIG. 22. Projected nucleon density in tke/ plane for a central
d-gold collision at 208 GeV.
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FIG. 23. Rapidity field in thex-» plane aty=0 for a central FIG. 24. Velocity field & component in the x-» plane aty
gold-gold collision at 208 GeV. =0 for a central gold-gold collision at 260 GeV.

heavy-ion collisions. In the latter case, we find almost perfect
VIl. SUMMARY “Bjorken scaling”: the rapidityy, coincides with the space-

We presented a way to calculate macroscopic quantitiegme rap_idit_y 7, whereas the transverse flow is_ .practically
like energy density or velocityor rapidity) fields at an early Zero. Thls_ is often employed as an initial condition for hy-
stage of a nucleus-nucleus collision at ultrarelativistic ener_drodynamlca_l treatments. However, tbedependence of the
gies. The calculation is based on a sophisticated treatment &hergy denS|Ey does_ not _ShOW "a well-defined p'ate?” corre-
the primary interactions, when the two nuclei are traversin .pondlng to “boost invariance. Furthermore, the d|str|bu-_
each other, using the parton-based Gribov-Regge mod jon of the energy“densny”ln the transverse'plane shows typi-
NEXUS. The important point is an appropriate treatment Ofcally_ a very “bumpy” structure, which fluctuates
soft partons, which contribute substantially and which arecon5|derably from event to event.
usually completely neglected. Nexus, soft and hard phys-
ics are considered consistently: hard partons are treated ex-
plicitly based on pQCD; soft ones are included implicitly,  This work has been funded in part by the IN2P3/CNRS
using the string picture. This allows a quite reliable calcula<(PICS 580 and the Russian Foundation of Basic Researches
tion of the above-mentioned macroscopic quantities. (RFBR-98-02-2202% H.J.D. acknowledges support from

We analyzed single strings, proton-proton scattering, antdNASA Grant No. NAG-9246.
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